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We claim: 

1 . Functionalized metal oxide particles comprising 
a surface comprising a total quantity of hydroxyLgroups comprising a complexed 

fraction comprising a reactive portioned a less reactive portion; 
said reactive portion being comfJlfexed wim functionalities selected from the group 
consisting of^ftipction^lities vyith high steric hindrance, functionalities with 
low stericjiindran^, and a/6ombination thereof; 
said less reactive portion being complexed with said groups having a low steric 
indrance.. 



2. The /functionalized metal oxide particles of claim 1 wherein said 
functionalities having a low/steric hindrance comprise mobile adhesion promoters and 
said functionalities having/ a high steric hindrance comprise organofunctional coupling 
agents. 



3. / The functionalized metal oxide particles of claim 1 wherein said 



complexed 



complexed 



fraction is effective to produce a coagulation point of about 1 minute or more. 



complexed frac 



The functionalized metal oxide particles of claim 1 wherein said 
fraction is effective to produce a coagulation point of about 1 hour or more. 



e functionalized metal oxide particles of claim 2 wherein said 



effective to produce a coagulation point of about 1 minute or more. 
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6. The functionalized metal oxide particles of claim 2 wherein^sdicl 
complexed fraction is effective to produce a^cer£gul^tfon point of about 1 houjx5r more. 

7. The fimctjonalized mej^l oxide particleso^ claim 1 wherein said 
complexed fraction's about 50% ormore of said total quality. 



The functionalized metal oxidy particles of claim 2 wherein said 
org&nofunctional coupling agents are irrevep^ibly^^^lexe^with said reactive portion. 

9. The functionalized n^tal oxide particles of claim 1 wherein said 
complexed fraction comprises substantially all of said total quantity. 



10/ The functionalized metal oxide particles of claim 2 wherein said 
complexed fraction comprises substantially all of said total quantity. 



1. The functionalized metal oxide particles of claim 3 wherein said 
completed fraction comprises substantially all of said total quantity. 

2. The functionalized metal oxide particles of claim 4 wherein said 
complexed fraction comprises substantially all of said total quantity. 



13. V The functionalized metal oxide particles of claim 5 wherein said 
complexed fraction comprises substantially all of said total quantity. 
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1 14. The functionalized metal oxide particles of claim 6 wherein sj 

2 complexed fraction comprises substantial ly^alfor said total quantity. 




15. Functionalized metaKoxide particles comprising^ surface comprising a 
total quantity of hyclroxyl groups comprising a complexejMraction and an uncomplexed 
fraction, saicl complexed fraction being effective to^roduce a coagulation point of about 
one nfinute or more after removal of a solvent from a mixture of said metal oxide 

articles and a matmx resin. 

16. /The functionalized metal oxide particles of claim 15 wherein said 
complexed fraction is effective to produce a coagulation point of about one hour or more 

/ 

after removal of a solvent./ 



1 
2 
3 
4 

1 

2 
3 
4 



[7. The /functionalized metal oxide particles of claim 15 wherein said 
complexed portion comprises a less reactive portion complexed with a mobile adhesion 
promoter and/a more reactive portion complexed with an organofunctional coupling 
agent'. 



f8. The functionalized metal oxide particles of claim 16 wherein said 
comj)h£xed portion comprises a less reactive portion complexed with a mobile adhesion 
)ter and a more reactive portion complexed with an organofunctional coupling 
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19. The functionalized metal oxide particles of claim 17 whgrgii 
coupling agent also comprises-^n-^dftesion promoter. 




20. ^Fhe functionalized metal oxide particles of claim 18 wherein the 
2 ^rganpfunctional coupling agent also comprises an adhesion promoter. 



21. \\ The functionalized metal oxide particles of clairhsJ wherein the met 

\ x ^^^^ 
oxide comprises a metal selected from the group consisting of niobium\nditfm, titanium, 

zinc, zirconium, tin, cerium ; hafnium, tantalum, tungstgpf^Dismutl\ silicon and 

combinations thereof. 

22. Tlhe functionalized metaKoxide particles of claim/2: wherein said metal 
oxide comprises la metal selected ftom the group consisting ox niobium, indium, titanium, 
zinc, zirconium, J tin, cerium^/nafnium, tantalum > ^ttfngsten, bismuth, and combinations 
thereof. 

23. Tnq^runctionalized metal oxide particles of claim 3 wherein the metal 
oxide comprise/ a hietal selected from the group consisting of niobium, indiumMitanium, 
zinc, zircomum, tin, cerium, hafnium, tantalum, tungsten, bismuth,, silicotj and 
combinations therec f. 



24. The 



iinctionalized metal oxide particles of claim 4 wherein said metal 



2 oxidje comprises a mfetal selected from the group consisting of nio^iurrCmdium, titanium, 
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zinc, zircor&im, tin, cerium, hafnium7^»t^lum, tungsten, bismuth, and combinajietis^ 



thereof. 



25. The functionalized metal oxjd^particles bf claim 21 wherein said metal 
comprises a metal selected frprtfthe group consisting of niobium, indium, titanium, 
zirconium, tin, cerium; hafnium, tantalum^tungsten, bismuth, and combinations 



26/7 The functionalized metal oxide particles of (Maim 22 wherein said metal 
oxide/domp^ises a metal selected from the group consisting ot niobium, indium, titanium, 
ic, zirconium, tin, cerium, hafnium, tantalum, tupgsten, bismuth, and combinations 
thereol 



27. The functionalized metal oxide particles of claim 23 furth^cu^mpnsing an 
alloying element selected from the group consisting ofaluminum, phosphorus, gallium, 
germanium, barium, strontium, yttrium, nkjbhJm, antimony, cesium, and combinations 




28. The functionalized metal oxide particles of claim 24 further comprising an 
alloying element selected from the group consisting of aluminum, phosphorus, gallium, 
iermanium, barium, strontium, yttrium, niobium, antimony, cesium, and combinations 
fhereof. 
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29. The fimcffionalized metal oxide particles of claim 25 further comprising ap 
alloying element selected from the group consisting of aluminum, phosphoryst'gallium, 
germanium, bariun)< strontium, yttrium, niobium, antimony, cesipftf; and combinations 
thereof 

30. / The functionalized metal o^ode particles of claim 26 further comprising an 
alloying element selected from the/^roup consisting of aluminum, phosphorus, gallium, 
germanium, barium, strontium, yttrium, niobium, antimony, cesium, and combinations 
therepf 

3 1 . /The functionalized metal oxide particles of claim 27 further comprising an 
alloying efement selected from the group consisting of aluminum, phosphorus, gallium, 

^rmanium, barium, strontium, yttrium, niobium, antimony, cesium, and combinations 
Sof. 

32. The functionalized metal oxide particles of claim 28 further comprising an 
filloykng element selected from the group consisting of aluminum, phosphorus, gallium, 
zermanium, barium, strontium, yttrium, niobium, antimony, cesium, and combinations 
thereof 




1 33. The functional! 

2 compri§ps^Zirconium. 



IBflde panicles uf cla i m 1 whcicin said metal ^> 
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2 comprises zirconium. 

1 35. [The functionalized metal oxide^ffarticles oftyaim 3 wherein said metal 

2 comprises zircpnium. 

1 36. I The functional i^d metal oxide particles j$ claim 4 wherein said metal 

2 comprises ziilconium. 

1 37. / The functionalized metal oxide particles of cl&im 17 wherein said metal 

2 comprises anconium. 



particles of claim 18 wherein said metal 



2 comprised zirconium. 



1 39. The functionalized metal oxide particles of claim 1 further comprising a 

2 mixture comprising a matrix resin comprising monomgjs--eoTTipnsing functional groups 
polymepe^me with said organofunctional^etrupling agents. 



40. The ^fictionalized metal oxide particles of claim 2 further comprising a 
iixture comprising a matrix resin comprising monomers comprising functional groups 
polymepizable with said organofunctional coupling agents. 
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41. The functionalized metal oxide particles of claim 5 f urther comprising a> 
mixture comprising a matrix resin comprising monopierscomprising functional ^groups 
polymerizable with said organofunctional coupling agents. 

42. The functioH&lized metal oxide particles jof claim 6 fufther comprising a 
mixture comprising/a matrix resin comprising monomers comp>j?fsing functional groups 
polymerizabl^/with said organofunctional coupling agents. 

43. The functionalized metaj/oxide partLefles of claim 17 further comprising a 
mixture comprising a matrix resin comprising/monomers comprising functional groups 
polymerizable with said organofunctional coupling agents. 



44. The functionalized metal oxide particles of claim 18 further comprising a 



L 



mixture comprising a matrix re^in comprising monomers comprising functional groups 
polymerizable with saixi orgaiafofunctional coupling agents. 



45. The functionalized metal oxide particles of claim 1 comprising an average 
diameter effective tcVpermit curing of said mixture by photopolymerization. * 



46. /The functionalized metal oxide particles of claim 2 comprising an average 
diameter emotive to permit curing of said mixture by photop olymerization. 

47. IThe functionalized metal oxide particles of claim 5 comprising an average 
di^/fneter effective to permit curing of said mixture by photopolymerization. 
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48. The functionalized metal oxide p^rtit5Tes ofplaim 6 comprisimpan'average 
diameter effective to permit curing of-stud mixture hy^photopolymeri^arfion. 

49. The fimctionalized metdf oxide parades of claim 17 comprising an 
average diameter effective to permit curing^! said mixture by photopolymerization. 

50. The functionalized metal oxide particles of claim 18 comprising an 
erage diameter effec*iv£ / to permit curing of said mixture by photopolymerization. 

51. Tpe functionalized metal oxide particles of claim 2 wherein a sufficient 
quantity of sap reactive portion is complexed with an organofunctional coupling agent to 
provide fracture toughness of a cured composite comprising said functionalized metal 

52. The functionalized metal oxide particles of claim 5 wherein said a 
sufficient quantity of said reactive portion is complexed with said organofunctional agent 

provide fracture toughness of a cured composite comprising said functionalized metal 
bxipe particles. 

53. The functionalized metal oxide particles of claim 6 wherein said a 
sufficient quantity of said reactive portion is complexed with said organofunctional agent 
o provide fracture toughness of a cured composite comprising said functionalized metal 
oxidVparticles. 
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54. The functionalized metal oxide particles of claim_ JJZ-wherein said 
sufficient quantity of said reactive portion is complexe^wfth said org^H^functiop^T agent 
to provide fracture toughness of a cured corppt>site comprising^aid fup^tionalized metal 
oxide particles. 




55. The functionalized metal ^tfxide p^fticles of claim 18 wherein said a 
sufficient qumitjty of said reactive p^ionj^omplexed with said organofunctional agent 
to provide/fracture toughness of/a cur^a composite comprising said functionalized metal 
oxide^Darticles. 



The functionalized metal oxide particles of claim 2 wherein the 
organofunctional coupling agent comprises a polymerizable group selected from the 
group consisting/or one or more vinyl groups, acryl groups, epoxy groups^or methacryl 
groups. 



57// The functionalized metal oxide particles of claim 5 wherein the 
organomnctional coupling agent comprises a polymerizable group selected from the 



inct 



group/consisting of one or more vinyl groups, acryl groups, epoxy groups, or methacryl 



groups. 



>8. functionalized metal oxide particles of claim 6 wherein the 

orfeanofunct/onal coupling agent comprises a polymerizable group selected from the 
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group consisting of one or more vinyl groups, acryl groups, epoxy groups, or metji^ry] 
groups. 



59. The fiinctionalized metal oxide 
organofunctional coupling agent comprises a pc 
group consisting of one or ipefe vinyl groups, 
groups. 



ticlps^of^daim 17 wherein the 
prfable group selected from the 
A groups, epoxy groups, or methacryl 



1 6(V The functionali^e^ metal oxide particles of claim 18 wherein the 

2 orgap^functional coupling/ agent comprises a polymerizable group selected from the 

3 .group consisting of oye more vinyl groups, acryl groups, epoxy groups, or methacryl 
groups. 




1 

2 
3 
4 




61. /The fiinctionalized metal oxide particles of claim 56 wherein the 
organofunctibnal coupling agent comprises a functionality selected from the group 
consisting/ Jbf mono-, di-, and tri-functional silanes, isocyanates, zirconates, 
aluminoiirionates, zirconyl methacrylate, titanates, and phosphonates. 

6 j. The fiinctionalized metal oxide particles of claim 57 wherein the 
nctional coupling agent comprises a functionality selected from the group 
g of mono-, di-, and tri-functional silanes, isocyanates, zirconates, 
irconates, zirconyl methacrylate, titanates, and phosphonates. 
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63. The functionalized metal oxide particle^of^claim 58/ wherein th&\ 
organofunctional coupling agent comprises a^functionality selected froni^tte group 
consisting of mono-, di-, and ^tfr-functional silanes,/ isocyaptffes, zirconates, 
aluminozirconates, zirconyl m^fchacrylate, titanates, and pKosphoKmes. 

64. The/Tunctionalized metal oxide n^frticles of claim 59 wherein the 
organofunctional coupling agent comprises j& functionality selected from the group 
consisting' of mono-, di-, and ^functional silanes, isocyanates, zirconates, 
aluminozirconates, zirconyl methaciwite, titanates, and phosphonates. 

65. The functionated metal oxide particles of claim 60 wherein the 
organofunctional coupling^ agent comprises a functionality selected from the group 
consisting of mono-/ di- 5 and tri-functional silanes, isocyanates, zirconates, 
aluminozirconates, zi/conyl methacrylate, titanates, and phosphonates. 



66. 



TO 



organofunctiona 
structure: 



wherein 



functionalized metal oxide particles of claim 2 wherein the 
groups are hydrolyzable zirconates having the following general 



R 1 -O- Zr-(OR 2 ) 3 



R jiS selected from the group consisting of hydrolyzable alkyl groups and 

hydrolyzable alkenyl groups having 1 or more carbon atoms: and 
R z i^ ^elected from the group consisting of copolymerizable alkenyl substituents 
containing 2 or more carbon atoms. 
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67. The functionalized metal oxide p^ticlcs^^f^lsiim S^^erc'm 
organofunctional groups are hydrolyzable zirconates having the ^following/general 
structure: 



Zr-(OR 2 ) 3 



wherein 




R 1 is selected from the group consisting of hydrolyzable alkyl groups and 
lydrolyzable alkenyl groups having 1 or more carbon atoms; and 
is selected from the group consisting/of copolymerizable alkenyl substituents 
containing 2 or more carbon atoms. 



68. The fun^onalized/metal oxide particles of claim 6 wherein the 
organofunctional groups are hydrolyzable zirconates having the following general 
structure: 

R 1 -O- Zr-(OR 2 ) 3 

wherein 

R 1 is selected/ from the group consisting of hydrolyzable alkyl groups and 

I hydr^yzable alkenyl groups having 1 or more carbon atoms; and 
R 2 is ^elected from the group consisting of copolymerizable alkenyl substituents 
containing 2 or more carbon atoms. 

69.1 / The functionalized metal oxide particles of claim 17 wherein the 
organofun^/ional groups are hydrolyzable zirconates having the following general 
structure:! 
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R -O- Zr-(OJr) 3 



wherein 



R is selected from the gn6up consisting of hydnzflyzable alkyl groups and 
hydrolyzable alkenyJ^r6upThaving 1 or m^e^carbon atoms; and 

R 2 is selected from th^ gj/bup consisting of ^polymerizable alkenyl substituents 
containing 2 or more carbon atoms; 



70^/ The functionalized metal oxide particles of claim 1 8 wherein the 
organofunctional groups/ are hydrolyzable zirconates having the following general 



structure: 



/R 1 -O- Zr-(OR 2 ) 3 



wherein 



R is selected /from the group consisting of hydrolyzable alkyl groups and 
hydrolyzable alkenyl groups having 1 or more carbon atoms; and 

li 

R is selected from the group consisting of copolymerizable alkenyl substituents 
containing 2 or more carbon atoms. 



71. 



le functionalized metal oxide particles of claim 66 wherein R 1 is selected 



from the group /consisting of alkyl groups having from about 1 to about 9 carbon atoms. 



72. i I The functionalized metal oxide particles of claim 67 wherein R is selected 
from the grolfip consisting of alkyl groups having from about 1 to about 9 carbon atoms. . 
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1 73. The functional ized mejafoxide particles of/flaim 68 wherein R is selgot^d 

2 from the group consisting of ajk^l groups having fron/about 1 to about 9 carjjerfi atoms. 

1 74. The/functional ized metal oxid6 particles of c\axm / 69 wherein R 1 is selected 

2 from the groupxonsisting of alkyl groups4iaving from ajxiut 1 to about 9 carbon atoms. 



1 / 15. The functional ized ihetal oxide'particles of claim 70 wherein R 1 is selected 

2 /from the group consisting of alkyl groun/having from about 1 to about 9 carbon atoms. 



3 
4 



5 
6 



76. The functionalized metal oxide particles of claim 2 wherein the 
organofunctional groups comprise moeities selected from the group consisting of 
neopentyl (diallyl) oxy trimethacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 
and aluminozirconateshaving the following general structure: 




HO 



H 

O 



OH 



v/\/ 

Al Zr - OH 

O O 

\ / 

c 



R 3 

wherbin R"* is selected from the group consisting of copolymerizable alkenyl 



groups and cs 



rboxyfunctional substituents containing 1 or more carbon atoms. 
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77. The functional ized^rtietal oxide particles of claim 5 wherein/the 
organofunctional groups ^ewiprise mp^ities selected from the group coasting of 
neopentyl (diallyl) o^y trimethacrvl / zirconates ? neopentyl (diallyl) oxy ^trfacryl zirconates, 
and aluminoz^conates having/me following general structure: 



H 

HO O 

\/y/ 

A\/ Zr- OH 



/herein R 3 is selected from the group consisting of copolymerizable alkenyl 
groups^ and carboxyfunctional substituents containing 1 or more carbon atoms. 

78. /The functionalized metal oxide particles of claims 6 wherein the 
^aijiofungtional groups comprise moeities selected from the group consisting of 
( /\ (diallyl) oxy trimethacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 
liminozirconates having the following general structure: 
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wherein K 3 yis selected fr6n/ the group consisting of copolymerizable alkenyl 
groups and c^tfoxyfiinctional svmstituents containing 1 or more carbon atoms. 

79. The funcupnalized metal oxide particles of claim 17 wherein the 
rganofunctional groupsf comprise moeities selected from the group consisting of 




neopentyl (diallyl) o>^y tpmethacryl zirconates, neopentyl (diallyl) oxy triacryl zirconates, 
and aluminozirconates having the following general structure: 



Al Zr - OH 



where/n R\is selected from the group consisting of copolymerizable alkenyl 
groups and carboxyfunctional substituents containing 1 or more carbon atoms. 
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1 80. The functionalized meja-K" oxide particles of claim 18 wherein 

2 organofunctional groups comprise moeities selected from the group coj^isting of 

3 neopentyl (diallyl) oxy trimethacryl zirconat©6 5 neopentyl (diallyl) oxy tp*5cryl zirconates, 

4 and aluminozirconates having the following general structure: 



H 

r HO O O 

\/\ 

Al fa -OH 




R 3 

wherein R j is selected from the group consisting of copolymerizable alkeny] 
groups and carboxyfunctional substituents containing 1 or more carbon atoms. 



81. T^ie functionalized metal oxide particles of claim 2 wherein said 
organofunctional groups are methacryloxy aluminozirconates. 



82. /The functionalized metal oxide particles of claim 5 wherein said 
organofunctional groups are methacryloxy aluminozirconates. 

The functionalized metal oxide particles of claim 6 wherein said 
organofiihctidnal groups are methacryloxy aluminozirconates. 
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1 84. The metal oxide particles of claim 17 wherein said organofunctignal 

2 groups are methacryloxy aluminozirconates. 

1 85. The metal oxi^e particles of claim 18 wherein sp&L organo functional 

2 groups are methacrylox\^uminozirconates. 



86) /Functionalizoa metal oxide particles comprising: 

a 5*w"face comprising a total quantity ofi^nydroxyl groups comprising a complexed 

fraction^ comprising a reactive portion and a less reactive portion; 
said reactive/portion being comjeuexed with functionalities selected from the group 



consisting of functio^lities with high steric hindrance, functionalities with 
low steric hindrance, and a combination thereof; 



said le^s reactive portion being complexed with said groups having a low steric 
hindrance;, 

wherjbin one or/rnore of said functionalities with high steric hindrance and said 
functionalities with low steric hindrance is bound to the oxide surface via 
an/ester linkage to a phosphonate group 

87. / The method of claim 2 wherein one or more of said organofunctional 
coupling a£ent and said mobile adhesion promoter is bound to the oxide surface via an 
ester link!age\to a phosphonate group . 
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88 The method of claim 5 wherein one or more-^jT^kid organofunctk 
coupling agents and said mobile adhesion promptefls bounpKo the oxide suj$£ce via an 
ester linkage to a phosphonate group. 

89. The method^ of claim 6 whei'ein one or rrtbre of said organofunctional 
coupling agents and/^aid^less reactive fu^cdonalities ^/bound to the oxide surface via an 
ester linkage tcya. phosphonate group./ 

90. The method of>claim 17 ^herein one or more of said organofunctional 
ipling agents and said les/reactive/ninctionalities is bound to the oxide surface via an 

ester linkage to a phosphonate groi 



91. The method err claim 18 wherein one or more of said organofunctional 

/ 

coupling agents andfsaid Less reactive functionalities is bound to the oxide surface via an 
ester linkage to a ijhosp^onate group 

92. The /functionalized metal oxide particles of claim 86 wherein said 
phosphonate group comprises a silyl ester which may or may not comprise a 
polymerizable group. 



93. / The functionalized metal oxide particles of claim 87 wherein said 
phosphonati; group comprises a silyl ester which may or may not comprise a 
polymertzal le group. 
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1 94. The functionalized metal oxide particles of claim 88 wherein se 

2 phosphonate group comprises a silyl ester which may or may not corotfrise a 

3 polymerizable group. 

1 95. The functionalize^fnetal oxider particles ofydlaim 89 wherein said 

2 phosphonate group corpffrises a silyl ^ster which rp£y or may not comprise a 

3 polymerizable grp^P- 

96. The functionalized metal o^nde particles of claim 90 wherein the 
'phosphonate group comprises a silyl /ester which may or may not comprise a 
polymerizable group. 

97. The /functionalized metal oxide particles of claim 91 wherein the 
phosphonate group comjyises a silyl ester which may or may not comprise a 
polymerizable group. 

98. The/ functionalized metal oxide particles of claim 1 wherein the 
functionality \fim low steric hindrance is selected from the group consisting of silanes, 
phosphonatesy phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked 
fatty acids. 



>9. The functionalized metal oxide particles of claim 2 wherein the mobile 

adhesion promoter is selected from the group consisting of silanes, phosphonates, 
/ * — — ■' ■ — — 

phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked fatty acids. 



SWRI-2749-A 



45 



100. The functionalized metal oxide nafficles of jdaim 5 wherein the moMfe 
adhesion promoter is selected from tfcte group consisting of silanes, phosfShonates, 
phosphates, chelating agents, fatty^cids, fatty alcohols, and ester linked forfty acids. 

101. The ftmctionalized metal oxide particles oPclaim 6 wherein the mobile 
adhesion proproter is selected from Jme group cpfisisting of silanes, phosphonates, 
phosphaj^s, chelating agents, fatty atfids, fatty alcohols, and ester linked fatty acids. 



102. The functional/zed metal oxide particles of claim 17 wherein the mobile 
adhesion promoter is selected firom the group consisting of silanes, phosphonates, 
phosphates, chelating agents, fiatty acids, fatty alcohols, and ester linked fatty acids. 

103. The flirxdtionalized metal oxide particles of claim 18 wherein the mobile 
adhesion promoter As selected from the group consisting of silanes, phosphonates, 
phosphates, chelating agents, fatty acids, fatty alcohols, and ester linked fatty acids. 



104. /Tjhe metal oxide particles of claim 2 wherein the mobile adhesion 
promoter comprises dimethyl ethoxy vinyl silane. 



10 

promoter comprises 



he metal oxide particles of claim 5 wherein the mobile adhesion 
dimethyl ethoxy vinyl silane. 
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1 106. The metal oxide particles ofelaim 6 wherein the mobile adhesj^n 

2 promoter comprises dimethyl ethp?£y vinyl silane. 

1 107. The^metal oxide particles of claim 17 wherei^the mobile adhesion 

2 promoter comf^rises dimethyl ethoxy vinyl silane. 

1 / 108. The metal oxide particles of/claim 1 ^wherein the mobile adhesion 

2 promoter comprises dimethyl ethoxy vmyl silane. 

109. The metal oxide particles of claim 1 having an average diameter of from 

2 about 10 to about 15U nanometers. 




1 110. The metal oxide particles of claim 2 having an averag e diameter of from 

2 about 1 0 to about/ 1 50 nanomete rs.-^, 

— j- — - 

1 111./ rThe metal oxide particles of claim 3 having an average diameter of from 

2 about 10 tg about 150 nanometers. 



1 J12. 1 The metal oxide particles of claim 4 having an average diameter of from 

2 about /0 to about 1 50 nanometers. 



113. 




A composition comprising the metal oxide p articles of claim 2 {and^ a 



2(^inatrix comprising at least one monomer comprising a group polymerizable with the 



3 orgknofunctipnal coupling agent. 
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1 114. A composition comprising th^rtietal oxade particles of claim 5 aiuK a 

2 matrix comprising at least one n^etfiomer comprising a group polymerizablp^with the 

3 organofunctional coupling^ent. 

1 115. composition comprising the metal oxide particles of claim 6 and a 

2 matrix cefmprising at least one rtjonomer compri§*fig a group polymerizable with the 

3 organofunctional coupling agent 




116. A composition comprising the metal oxide particles of claim 18 and a 
matrix comprising at least one ijafonomer comprising a group polymerizable with the 
organofunctional coupwng ager 

117. A composite comprising the composition of claim 1 13 wherein said group 
and said organofunctional coupling agent are copolymerized. 



1 1 18. A composite comprising the composition of claim 1 14 wherein said group 

2 and said organofunctional coupling agent are copolymerized. 



1 1 19. / A composite comprising the composition of claim 1 1 5 wherein said group 

2 and said orgpnpfunctional coupling agent are copolymerized. 

1 120 J / A composite comprising the composition of claim 1 16 wherein said group 

2 and said ordinofunctional coupling agent are copolymerized. 

V 
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121. The conmtfSition of claim 1 13 comprising a dental regJi^Fatrve composition. 



he composition of claim 1 1 T^etfmprising a dental restorative composition. 




23. The composition of claim 113 comprising a prototyping composition. 



124. / The composition of claim 117 comprising a prototyping composition. 



f ortion: 





ethod comprisir 

metal oxid© / particles comprisirte a surface comprising a total quantity 
hydroxyl/groups comprising a reactive portion and a less reactive 



said reactive portion with a functional 
insisting mobile adhesion promoters 
a combination thereof; 
said lessj^aStive portion with saic 



jetal oxide parti 
/monomer compr: 
agent. 



mobile adhesion promoters. 



Le method of claim 125 further comprising mixing said functionalized 

natrix comprising at least one 
with the organofunctional coupling 



:les in a solvent with a hydrophobic 
sing a component polymerizable wi 



ity selected from the group 
organofunctional coupling agents, 
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